Whole colonies of Bacillus cereus, B. megaterium, B. mycoides CN2495, Corynebacterium hofmanni NCTC 1938, Escherichia coli, Lactobacillus acidophilus NCIB1899, Nocardia graminis NCTC4728, Pseudomonas viscosa, and Serratia marcescens were prepared for scanning electron microscopic examination by freezedrying and metal-coating. The arrangement of individual cells within colonies could be seen. Cells of Bacillus colonies tended to be longer than in liquid culture and irregular in shape and to give the appearance of branching. B. megaterium colonies frequently had a dense covering film. Colonies of gram-negative bacteria consisted of fairly short rods covered by much adherent extracellular material. L. acidophilus had colonies comprised of densely packed, well-oriented rods. C. hofmanni colonies contained coccobacilli, packed together. Correlations were observed between planoconvex colony form and densely packed cells, rough colony form and random arrangement of well-separated microorganisms, and irregular colony edge and tendency of cells to grow out from the colony in filaments.
Light microscopy permits studies on the initiation of colony formation (6) but is of limited use for the examination of mature colonies. However, the advent of the scanning electron microscope has made possible the study of unsectioned material at a greater resolution (250 nm) than obtains in conventional light microscopy (2, 5) . This, coupled with the 200x greater depth of field, makes the scanning electron microscope ideally suited to observation of bacterial cells. The instrument has been used by Williams and Davies (I 1) who examined Actinomycetes, by Klainer and Betsch (7) in their work on the surface morphology of liquid grown cells of Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, and Proteus vulgaris, by Klainer and Perkins (8) in their studies on antibiotic-treated cells, by Bulla et al. (4) and Murphy and Campbell (9) in their examination of bacterial spores, and by Barnes et al. (1) Freeze-drying of colonies. Colonies were photographed before removal from plates on agar blocks and again after drying to measure shrinkage, which was minimized by rapid freezing by immersion in a 2-methyl butane freezing mixture cooled in liquid nitrogen. Agar blocks carried on aluminum foil were held at -159.9 C for I min and then freeze-dried for 24 hr at 10-3 Torr in a 500-ml culture vessel (Quickfit) initially cooled in dry ice-acetone. The temperature of the culture vessel was allowed to rise to ambient tem-515 on November 2, 2017 by guest http://jb.asm.org/ Downloaded from DRUCKER AND WHITTAKER perature over a 12-hr period.
Metal-coating of colonies. Dried colonies were cemented to scanning electron microscope stubs and plated, while rotating in a vacuum of 10-5 Torr, with 15 mg of Au-Pd alloy (60-40) at a distance of 10 cm. Coated colonies were photographed in a Cambridge Instrument Stereoscan.
RESULTS
Samples showed little sign of distortion or shrinkage (usually <10%) and compared favorably with samples obtained earlier (8) by using a cooled planchet in a bell-jar.
Colony microstructure. B. cereus exhibited some evidence of cell orientation in the center of colonies. Little extracellular material, e.g., gum or covering film, was seen ( Fig. 1 ). Individual cells were 0.4 to 1.0 by 1.1 to 3.6 ,um and were frequently distorted by opaque spherical structures 1.0 ,Am in diameter, presumably spores.
r; " Divided cells were incompletely separated and were occasionally joined by "bridges" (Fig. 2) . At the edge of the colony, cells were more densely packed, and extracellular material was noted.
Colonies of B. megaterium also showed localized-cell orientation (Fig. 3) . In the center of colonies, some extracellular gum was apparent, and cells gave the appearance of true-branching, although this requires further investigation (Fig.  4) . Spores were occasionally seen in the cells which were 0.5 to 1.0 by 1.0 to 14.8 ,um; sporebearing cells frequently appeared club-shaped. Separation of cells was incomplete. Cells at the edge of the colony showed more dense packing, and more extracellular material was present. Long filaments were noted growing out from the colony (Fig. 5) Examination of the "rami" growing from a B. mycoides colony revealed that each "ramus" consisted of rods 0.5 to 1.0 by 1.4 to 3.6 gm which showed little overall orientation (Fig. 6) . Cells at the top of a ramus were occasionally flattened, and spherical intracellular bodies could be seen distending the outline of the cells (Fig. 7) . B. mycoides cells were sometimes coated with extracellular material.
C. hofmanni colonies were comprised of either very short cells (0.3 to 0.5 by 0.5 to 1.0 uin), which appeared to be covered by a dense film, or larger cells (0.3 to 0.7 by 0.5 to 1.5) densely, yet randomly packed, without any covering film (Fig. 8) .
Colonies of E. coli revealed regular separation of cells (0.3 to 0.5 by 1.0 to 2.0 ium, Fig. 9 ) with associated extracellular material. At the periphery of the colony, cells were more oriented and more densely packed with less extracellular material. Some colonies were covered by a film which was perforated by holes, 0.2 to 1.0 gm in diameter. The film totally obscured the bacteria beneath it.
Colonies of L. acidophilus were seen to consist of strongly oriented, irregular, tightly packed rods approximately 1 gm in width and 3 to 10 ,um in length; no extracellular material was observed ( Fig. 10) .
A tangled mass of filaments was observed in colonies of N. graminis. Individual cells were 0.5 to 1.0 Am in width and over 20 gm in length (Fig. 11) . No extracellular material was observed.
P. viscosa colonies consisted of randomly arranged microorganisms (0.5 by 1.4 ,im) coated with an adherent extracellular material which did not obscure the outlines of the cells but appeared rather to form a supporting skeleton for them (Fig. 12) . Colonies of S. marcescens resembled those of E. coli except that the cells were more completely covered by extracellular material which resulted in a perforated-surface covering film. Cells were not closely packed but showed regular separation and were slightly shorter (0.5 to 1.0 ,um) than bacteria in an E. coli colony. At the periphery of the colony, cells were more closely packed. DISCUSSION Well-defined covering films were seen only on colonies of B. megaterium and C. hofmanni. This is in contrast to the more widespread occurrence of covering films on colonies of cocci (10) . The appearance of branching forms in certain Bacillus colonies might be due to extracellular material having concealed incomplete separation of two or more rods. Thin intracellular "bridges" (7) might be either genuine cellular extensions of adherent slime; however, L. fermentis appears to show intracellular bridges (3) even after washing and centrifuging of cells, which would presumably separate cells held together only by slime. The long filaments growing out from the edge of B. megaterium colonies (Fig. 5) 
